MuMTV-induced tumors grow progressively in their hosts despite the presence of lymphocytes capable of mediating specific immune destruction of the mammary tumor cells in vitro (1, 2). One explanation advanced for this paradox is that serum blocking factors consisting of either antigen (MuMTV) or the corresponding antigen-antibody complexes (containing MuMTV) specifically interfere with the reactivity of the sensitized lymphocytes in microcytotoxicity assays (3-5). Another explanation for the circumvention of cell-mediated immune destruction of tumor cells that has recently received experimental support in certain murine tumor systems is that a population of spleen suppressor cells in TBA may limit the host's immune response to its tumor (6) (7) (8) (9) (10) (11) (12) . A distinct spleen cell subpopulation capable of suppressing a variety of in vitro lymphocyte responses was first described in mice with primary Moloney sarcoma virus-induced tumors (6, 7). These cells were termed nonspecific suppressor cells inasmuch as they inhibited T-cell reactivity to specific antigens (7, 11, 12) , including tumor antigens (6, 10, 13, 14) , and to the polyclonal T-cell mitogens PHA and Con A (6, 7, 15). The inhibitory effect of these suppressor cells appears to be exerted at the level of lymphocyte DNA synthesis (16). Investigators have attributed this immunosuppressive activity to various cell types. The cells responsible for the suppression have been characterized in different systems as belonging to the monocyte/macrophage series (7, 13), as having properties of B-cells (6, 8, 11, 17) , and as being T-cells (10). Nonspecific, glass-adherent suppressor T -cells have also been identified in spleens of tumor-free animals (15, 18). Those factors that contribute to suppressor cell development or activation in TBA remain largely undefined.
MuMTV-induced tumors grow progressively in their hosts despite the presence of lymphocytes capable of mediating specific immune destruction of the mammary tumor cells in vitro (1, 2) . One explanation advanced for this paradox is that serum blocking factors consisting of either antigen (MuMTV) or the corresponding antigen-antibody complexes (containing MuMTV) specifically interfere with the reactivity of the sensitized lymphocytes in microcytotoxicity assays (3) (4) (5) . Another explanation for the circumvention of cell-mediated immune destruction of tumor cells that has recently received experimental support in certain murine tumor systems is that a population of spleen suppressor cells in TBA may limit the host's immune response to its tumor (6) (7) (8) (9) (10) (11) (12) . A distinct spleen cell subpopulation capable of suppressing a variety of in vitro lymphocyte responses was first described in mice with primary Moloney sarcoma virus-induced tumors (6, 7) . These cells were termed nonspecific suppressor cells inasmuch as they inhibited T-cell reactivity to specific antigens (7, 11, 12) , including tumor antigens (6, 10, 13, 14) , and to the polyclonal T-cell mitogens PHA and Con A (6, 7, 15) . The inhibitory effect of these suppressor cells appears to be exerted at the level of lymphocyte DNA synthesis (16) . Investigators have attributed this immunosuppressive activity to various cell types. The cells responsible for the suppression have been characterized in different systems as belonging to the monocyte/macrophage series (7, 13) , as having properties of B-cells (6, 8, 11, 17) , and as being T-cells (10) . Nonspecific, glass-adherent suppressor T -cells have also been identified in spleens of tumor-free animals (15, 18) . Those factors that contribute to suppressor cell development or activation in TBA remain largely undefined.
Our investigation was initiated to determine if a suppressor lymphoid population existed in mice with MuMTV-induced mammary tumors. Impairment of cell-mediated immune functions in MuMTV-infected mice has been noted previously (19, 20) ; however, the mechanism underlying this hyporesponsiveness has not been elucidated. Inasmuch as previous re ports describing suppressor cell activity have been concerned with mice bearing transplantable tumors or tumors induced by either chemical carcinogens or Moloney murine sarcoma virus, we were interested in determining if suppressor cells accompanied the appearance of spontaneous tumors induced by the B-type oncornavirus MuMTV. Here we present evidence showing, in spleens of mice with MuMTV-induced mammary tumors, the selective presence of suppressor cells that are responsible for the lowered mitogenic response of spleen lymphocytes from these mice, and we characterize the cells exerting the suppression.
MATERIALS AND METHODS
TBA.-C3H/HeN mice (4-10 mo old) with MuMTVinduced tumors were kindly supplied to us by Dr. Michael Norvell of the National Toxicological Research Center, Jefferson, Arkansas, and were either multiparous females or females fed a diet containing DES at 20-640 ppb. These mice had high titers of MuMTV antigens in their milk and tumor cells that reacted with Lymphocyte cultures.-Spleens were teased through a stainless-steel mesh to obtain a single-cell suspension washed in complete RPMI-1640 medium that contained 5% heat-inactivated FCS (GIBCO, Grand Island, N.Y.) and 100 U penicillin/rnl and 100 milliequivalents of streptomycin/mI. Cells were cultured in this complete medium supplemented with 5x 10- spleen cells from tumor-free mice or TBA were washed with 2 ml of prewarmed (37°C) medium containing 20% FCS onto glass wool columns (1.0 g glass wool packed to the 8.0-ml mark in a 10-ml plastic syringe) and incubated at 37°C in 5% C0 2for 45 minutes. The NAL were washed from the column with 30 ml of warm medium containing 20% FCS at 1.0 ml/minute. GAL were removed by mechanical agitation of the glass wool and then eluted with 30 ml of ice-cold medium.
Determination 01 spleen B-and T-cells.-B-cells were identified by direct immunofluorescence by the reaction of 2x10 6 cells in 0.1 ml of Dulbecco's PBS containing 1% BSA (PBS-BSA) and 0.01 M NaN 30n ice with 0.1 ml of a 1:10 dilution of Fl-conjugated rabbit anti-mouse immunoglobulin (Cappel Laboratories, Downingtown, Pa.). T-cells were determined by indirect immunofluorescence with a 1:12 dilution of a T -cell-specific rabbit anti-mouse brain-8 serum prepared and absorbed according tothe method of Golub (21) . The cells were J NATL CANCER INST washed and reacted with a 1:80 dilution of Fl-conjugated goat anti-rabbit IgG (Cappel Laboratories). We determined the percentage of stained cells by relating the number of fluorescent cells to the total number of cells under incident illumination with a Leitz Orthoplan fluorescence microscope.
The EAC rosette test was used to measure CRL exactly as described originally for mouse lym phocytes (22) . We prepared EAC by sensitizing sheep erythrocytes with an IgM fraction of rabbit hemolysin (Cordis Laboratories, Miami, Fla.) and then reacting erythrocyte-antibody (IgM) with a 1:10 dilution of normal mouse serum (complement) for 1 hour at 37°C. EAC were then washed in HBSS without Ca2+ or Mg2+ and containing 0.01 M EDTA. A mixture of equal volumes ofO.5% EAC and lymphocytes (2X 10 6/ml) was incubated (37°C) and 100-200 lymphocytes were scored for binding three or more EAC.
Enumeration 0/ macrophages.-We counted phagocytic mononuclear cells by measuring the uptake of latex particles (2.0 /L diameter; Dow Chemical Co., Indianapolis, Ind.) over a 60-minute incubation period at 37°C. Cells were stained with Wright's-Giemsa, and 200 cells were examined for ingested latex.
Depletion 01 T-cells, B-cells, and macrophages.-Spleen cells (8-16X 10
6 ) were treated first with AKR anti-8 serum (1:20) (Litton Bionetics, Ine., Kensington, Md.) for 30 minutes at 4°C and then with guinea pig complement (1:5) for 60 minutes at 37°C. B-cells were removed from spleen cell suspensions by passage through nylon wool as described by ] ulius et al. (23) . Nonadherent cells were eluted with warm (37°C) medium.
We removed phagocytic cells by combining 1x 10 8 spleen cells with 200 mg of carbonyl iron powder (Pfaltz and Bauer, Stamford, Conn.) and incubating the mixtu re for 1 hour at 37°C with frequent shaking. After incubation, the cell suspension was diluted to 5 ml and serially transferred six to eight times. The cells were exposed to a strong magnet to retain phagocytizing cells and the residual iron with each transfer. Strongly adherent cells were removed by incubation of spleen cells (1-2X 10 8 ) on 100-mm plastic tissue culture plates for 1 hour at 37°C. We removed the nonadherent cells by washing with media and collected the adherent cells with a rubber policeman. Cells were also allowed to ingest silica, a specific macrophage toxin, by the exact method of Allison (24) .
RESULTS

Detection 01 Suppressor Cells in Mammary TBA
The response of lymphocytes to antigens and mitogens has often been shown to be lowered in the tumorbearing state , Spleen lymphocytes from mice bearing MuMTV-induced mammary tumors displayed a greatly reduced response when compared to the response of lymphocytes from tumor-free, but MuMTV-infected mice ( spleen T -cells from these mice were intrinsically incapable of responding to Con A or there were cells in the spleen that lowered responsiveness.
Some investigators have shown that the suppressor cells in other murine tumor systems that limit the response to mitogens could be removed by the passage of spleen cell preparations through either nylon or glass wool columns (11, 15) . This prompted us to use a similar approach with spleen cells from mice with mammary tumors, Treatment of spleen cells on glass wool columns resulted in an 11% recovery of N AL from TBA and a 30% recovery from tumor-free mice. Because equal fractions of the input cells from both TBA (34%) and turnor-free mice (37%) were recovered when the GAL were eluted from the columns, the different recoveries indicated a slightly higher percentage of strongly adherent spleen cells in TBA. No significant change in viability (93-98%) after column passage as measured by dye exclusion was noted. The removal of adherent cells from spleen cell suspensions from TBA by passage of the cells on glass wool columns increased the response to a range of mitogenic Con A concentrations by fourfold to eightfold when compared to the response of UNF spleen cell preparations (text- fig. 1 ). A similar fractionation of spleen lymphocytes from agematched tumor-free C3H mice resulted in only a 1.5-fold to twofold increase in the response (text- fig. 2 ). The magnitude of the blastogenic response for both the UNF spleen cells and NAL from the tumor-free mice was always greater than that for the same spleen cell fractions from TBA. The optimal mitogenic concentration of Con A did not differ for cells from mice with or without mammary tumors. These findings indicate that glass-adherent spleen cells that exert suppressor activity on the response to a T -cell mitogen either are present in greater numbers or become activated in mice with MuMTV-induced mammary tumors. When UNF spleen cells (5X 10 4 to 2x 10 5 ) from TBA were added to spleen lymphocytes from tumor-free mice in the presence of Con A, the blastogenesis was markedly depressed when compared with the blastogenesis seen in control mixtures consisting of the same total number of cells (texr- fig. 3 ). The proliferative response of these mixtures was as low as 40% of the response seen with the addition of spleen cells from tumor-free mice when the added cells from TBA made up 50% of the total cells in the mixture .
Because the added cells exhibit a blastogenic response of their own that might mask their suppressor activity, DNA synthesis was blocked in these cells with mitomycin C to selectively measure their suppressive effect. These results show that DNA synthesis was not necessary for the expression of suppressive activity by the TBA spleen cells (text- fig. 3 ). Inasmuch as fractionation of the spleen cells from TBA on glass wool resulted in an increased Con A response, we attempted to recover the adherent suppressor cells. The weakly adherent spleen cells were recovered by mechanical agitation of the glass wool and elution with cold media. The addition of the GAL from TBA to normal lymphocytes resulted in a proliferative response 60% of that in control mixtures of GAL from tumor-free mice and normal spleen cells (text- fig. 4 ).
TEXT-FIGURE 4.-Suppression of Con A-induced lymphocyte mitogenesis by the addition of GAL from mammary tumor-bearing mice to normal syngeneic lymphocytes. D indicates addition of GAL from tumor-free mice to 2 X 10 5 normal syngeneic spleen cells with Con A (1.5 p.g/ml). D indicates addition of GAL from TBA spleens to 2x 10 5 normal C3H spleen Iymphocytes in the presence of Con A (1.5 p.g/ml). Representative data are from one of three experiments. The suppressive acnvity of the cells from TBA was expressed at ratios of 1:1 to 1:2 of GAL: UNF lymphocytes (text- fig. 4 ). This demonstrated that, although suppressor cells could be recovered from the glass wool, they were not significantly enriched for suppressive activity when compared to UNF spleen cells.
T-Cell, B-Cell, and Macrophage Content of Suppressor Cell Population
The cell-surface antigens on B-and T-cells, surface immunoglobulin and O-antigen, were used to determine their proportions in the UNF, NAL, and GAL spleen cell fractions. Surface immunoglobulin-bearing cells were detected by direct fluorescence staining, and ()- little selective depletion of these cell types on the column. In contrast, the GAL fractions from both tumorfree animals and TBA were enriched for immunoglobulin-bearing cells (69-77%) and had a proportionally reduced percentage of T-cells (26-30%). The enrichment for immunoglobulin-bearing cells in the GAL fraction was not accompanied by a corresponding decrease in the NAL fraction and may have been due to the low recovery (10-20%) of the eells added to the column.
The proportion of CRL in each of the fractions as detected by rosette formation with EAC decreased from 36% in TBA and 29% in tumor-free mice to 14% and 16%, respectively, after passage through glass wool eolumns. The GAL fraction from TBA and tumor-free mice contained 40% and 43% CRL, respectively. The percentage of phagocytic macrophages as assessed by latex particle ingestion was significantly reduced in TBA and tumor-free mice from 10-12% to less than 2% by passage of the spleen eells through the glass wool columns and comprised 15% of the cell fraction eluted from the glass wooI. Inasmuch as these phagocytic cells stained for surface immunoglobulin, they also constituted part of the membrane immunaglobulin-bearing fraction. Although some enrichment for B-cells and phagocytic cells existed in the adherent fraction, all three types were present and , therefore, the cell type responsible for the suppression could not be clearly identified.
Effect of Depletion of the Suppressor Spleen Cells of T-Cells, B-Cells, or Macrophages
To further characterize and identify the cell type responsible for suppression ofthe blastogenic response, we specifically depleted spleen cells from TBA of TceIls, B-ceIls, or macrophages by several different procedures. The remaining cells were then tested for their ability to lower the response of normal Iymphocytes to the T-cell mitogen , Con A. Treatment of TBA cells with anti-8 serum and complement resulted in a 70-90% reduction in their response to Con A, but no significant reduction of their suppressive activity (table  2) . However, depletion of B-cells from TBA spleen ceIl suspensions by passage through nylon wool significantly reduced the suppressive activity of this population from 20% to 5%.
Since passage through nylon wool also effectively removed macrophages, additional methods were used to deplete macrophages. Incubation of TBA spleen cell suspensions on plastic tissue culture dishes did not lower the suppressive activity of the unattached cells, although it did reduce the number of latex-ingesting cells (table 2) . Moreover, addition of the adherent cells to normallymphocytes did not increase the suppressive activity. Removal of phagocytic cells after incubation of the cell suspension with carbonyl iron and exposure of the suspension to astrang magnetic field did not deplete the TBA spleen cells of their suppressive activity (table  2) . Ingestion of silica, an agent specifically toxic for macrophages, by TBA spleen cells also did not alter the suppression exerted by the remaining viable cells. These results are consistent with the conclusion that the suppressor cell has B-ceIl, but not macrophage or T-cell, properties.
DISCUSSION
In this report, we established the presence of a suppressor cell population in spleens of C3H mice bearing MuMTV-indueed mammary tumors. We initially detected these cells by selectively removing them on glass wool columns and observing an increase in the mitogenic response of the remaining lymphocytes. A similar fractionation procedure on glass wool columns with spleen cells from tumor-free C3H mice resulted in only a small increase in the responsiveness of the remaining nonadherent cells. The addition of these suppressor cells from TBA to normal spleen cells caused an inhibition of the blastogenic response of the lymphocytes from the tumor-free syngeneic mice to Con A. (6, 7, 13, 16, 17) . The extent of inhibition of the Con A response of normal spleen lymphocytes by the suppressor cells under study here was less than the 70-90% suppression of PHA responses reported for Moloney murine sarcoma virus-induced progressively growing tumors (6) (7) (8) .
Several distinct features of the suppressor cells in the mammary tumor-bearing mice were observed. The major characteristic of the cells from the TBA spleens was their adherence to glass wooI. Attempts to enrich for su ppressor cells from glass wool columns by simple agitation and elution with cold media were unsuccessful, although the recovered cells were as suppressive as their unfractionated counterparts. To observe significant suppression in mixtures with normallymphocytes, the cultures needed to be composed of at least 50% cells from the suppressive population of the TBA. This result may indicate a need for a critical suppressor cell:target cell ratio be fore suppression can be observed. The suppression was never complete and could not be increased by the addition of more cells over the range we tested. DNA synthesis was not a requisite for suppression because blockage with mitomycin C did not inhibit suppression; requirements for protein synthesis were not evaluated. Recent studies on the mechanism of suppressor cell activity in normal mice showed that the induction of suppression was not dependent on new DNA, RNA, or protein synthesis but rather on the stimulation of cyclic nucleotides by prostaglandins (15) . In the present study, no correlation was seen between tumor size and suppressor activity, although a clear association was seen between the presence of a mammary tumor and suppressor cell activity. Studies with progressively growing Moloney murine sarcoma virusinduced sarcomas have correlated decreased immunocompetence with increased numbers of suppressor cells (7, 8) .
Inasmuch as the glass-adherent and UNF suppressive spleen cells contained several lymphoid cell types, we attempted to identify more clearly the nature of the suppressor cell. The cells in the glass-adherent suppressive population contained elevated numbers of surface immunoglobulin-bearing lymphocytes and CRL with a corresponding decrease in 8-positive lymphocytes. Depletion of T -cells from TBA spleens with anti-8 and complement prior to coculture with normal lvrnphocytes did not rcmove the suppressor cell activity, whereas removal of nylon wool-adherent cells significantly reduced suppression. Because both macrophages and B-cells are removed on nylon wool columns, other methods were necessary to selectively remove macrophages. Removal of phagocytic cells by the carbonyl iron/magnet technique or removal of cells adhering to tissue culture plastic from TBA spleen cell suspensions did not abrogate the suppressive activity. Moreover, the cells adhering to plastic when added to normal lymphocytes did not display suppressor activity. Treatment of the TBA spleen cells with silica also did not reduce suppression.
Attempts by investigators to clearly characterize similar suppressor cells have resulted in conflicting conclusions. Pope et aI. (25) , using 3-methylcholanthrene-induced sarcomas, and Kirchner et aI. (16) , using Moloney murine sarcoma virus-induced tumors, have implicated adherent phagocytic cells as the suppressor cells. By contrast, our results are consistent with the identity of the suppressor as a B-cell and agree with those obtained by Gorczynski and co-workers (6, 8) , who also identified cells with B-cell characteristics as the nonspecific suppressor cells in mice with progressively growing Moloney murine sarcoma virus-induced tumors. Since methods for separation of spleen B-cells and macrophages based on surface characteristics are not absolute, to unequivocally identify the suppressor cell is difficult. We also acknowledge the possibility that the suppressor cells in this tumor system may be immature or nonphagocytic monocytes or null cells inasmuch as our methods would not selectively deplete these cell types. A precise definition of the cell type may vary with the tumor system under study.
Investigations of the specific cell-mediated immune response toward MuMTV antigens on mammary tumor cells have shown a gradual loss of activity with growth of the tumor (2, 26, 27) , a process that may encompass suppressor cell activity. Suppression may be triggered by factors accompanying tumor growth, such as the shedding of tumor-associated antigens or MuMTV antigens or the interaction of such materials with lymphoid cells, since it has been shown that MuMTV antigens are expressed on the membranes of spleen B-cells (28) .
Arecent evaluation by us 5 of the influence of the suppressor population described he re on the specific cellular response to mammary tumor cells demonstrated that the removal of glass-adherent spleen cells permitted specific proliferation in response to mitomycin Ctreated autochthonous mammary tumor cells; in contrast, proliferation with UNF cells was completely absent. During the preparation of this manuscript, a re port by Creemers and Bentvelzen (29) lymphocyte proliferation in response to MuMTV. The influence of these su ppressor cells on the outcome of the host-tumor interaction remains to be established.
